Most pregnant women complain of palpitation, and various kinds of arrhythmias can be observed during pregnancy. We investigated P-wave and QT dispersion during pregnancy. Healthy pregnant women (n = 162) and healthy age-matched, non-pregnant women (n = 150) were included. We performed electrocardiography and transthoracic echocardiography and determined serum oestradiol levels in both groups, and performed Holter monitoring in the pregnant group only. Resting heart rate, P-wave dispersion, left ventricular diastolic diameter, left atrial diameter and serum oestradiol levels in the pregnant group were significantly higher than in the control group. Minimum P-wave duration was shorter in the control group than in the pregnant group; however, there was no statistically significant difference in maximum P wavelength and corrected QT dispersion between the groups. No atrial fibrillation was detected in the pregnant group during Holter monitoring. Shortening of the minimum P-wave duration leads to increased P-wave dispersion during pregnancy. In contrast to other pathologies with increased P-wave dispersion, paroxysmal atrial fibrillation is absent in pregnant women; this may be a result of the stable maximum P wavelength that is present during pregnancy.
Introduction
Significant changes occur in the cardiovascular system during pregnancy. Heart rate, cardiac output and intravascular volume are increased; blood pressure diminishes in the first trimester and returns to its normal level during the third trimester. During pregnancy, cardiac output and blood volume increase by approximately 50% 1 and heart rate rises by about 10 -20 beats/min. 1, 2 Diastolic blood pressure decreases more than systolic blood pressure; reduction in blood pressure is caused by hormonal activity, increased circulating prostaglandins, atrial natriuretic peptides and endothelial nitric oxide. 3 
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Some pregnant women also suffer from palpitation, which disappears after delivery. An increased incidence of maternal cardiac arrhythmias is observed during pregnancy; these can range from clinically irrelevant, isolated premature beats to debilitating supraventricular and ventricular tachycardias. Sinus tachycardia, atrial and/or ventricular premature beats, 4 an increased frequency of paroxysmal supraventricular tachycardia 5 and, rarely, ventricular tachycardia have been reported in healthy pregnant women. 6 Hormonal effects, electrolyte imbalance and an increase in intravenous volume can be responsible for the increased susceptibility to arrhythmia during pregnancy. 7 Corrected QT intervals (QTc) in women are longer than in men because of the modulating effect of testosterone on repolarization. 8 Drug-induced QTc prolongation, life-threatening torsades de pointes, syncope and sudden death in long QT syndrome are seen more frequently in women than in men. 9, 10 Drug-induced QTc prolongation is frequently detected in the ovulatory phase and during menstruation but it is not evident in the luteal phase. 11 No differences are seen in the QTc intervals of females and males by the age of 10 years, but the QTc interval increases after puberty in women 12 and it is thought that this can be explained by the effect of oestrogen.
In addition, changes in the electrocardiograph (ECG) occur during pregnancy, such as deviation of the QRS axis, a small Q wave and an inverted P wave in lead III, an increased R/S ratio in leads V2 -V6, changes in the ST segment and T wave, sinus tachycardia and an increased incidence of arrhythmia; 3 however, there is no information about P-wave dispersion (PWD) and QT dispersion (QTD) in healthy pregnant women. In this study, PWD and QTD were investigated in healthy pregnant women.
Patients and methods

PATIENTS
All pregnant and healthy women included in the study provided written consent and the study was approved by the ethics committee of Gulhane Military Medical Academy, Haydarpasa Teaching Hospital, Istanbul. All pregnant women who applied for routine pregnancy monitoring were invited to take part, but some were excluded for various reasons given by the outpatient clinic of our obstetrics and gynaecology department. The control group was selected from age-matched volunteer nurses. A detailed medical history and the results of physical examination were recorded. Women with valvular heart disease, known ischaemic heart disease, cardiomyopathy, electrolyte imbalance, any other systemic illness affecting the conduction system of the heart, and those on drugs such as β-blockers and anti-arrhythmic drugs were excluded from the study.
METHODS
Surface-resting 12-lead ECGs were obtained at a paper speed of 25 and 50 mm/s standardized at 1 mV/cm (HP, M1700A; Hewlett Packard, China). The ECG recordings were scanned with a high-resolution scanner (HP Scanjet 8200 flatbed scanner C993A, 4800 × 4800 dpi; Hewlett Packard, Houston, Texas, USA). All ECG recordings were transferred to a computer and viewed with a high-performance graphic program (Adobe Photoshop 7.0; Adobe Inc., Newland, MA, USA). PWD and QTD were measured by two cardiologists who were unaware of the nature of the study groups. Manual measurement of the ECG recordings 13 was undertaken using digital callipers on a high-resolution screen. Echocardiographic examination and serum oestradiol (E2) measurements were also performed.
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P-wave duration analysis
The P-wave measurements were made on the ECGs taken at the paper speed of 50 mm/s. Onset of the P-wave was defined as the first atrial deflection from the isoelectric line and the offset was the return of the atrial signal to baseline. Maximum P-wave duration and minimum P-wave duration were measured from the 12-lead ECG. The difference between the maximum and minimum P-wave durations was defined as PWD (PWD = P maximum -P minimum).
QT dispersion analysis
For QTD analysis, we used ECG recordings with a paper speed of 25 mm/s. The QT interval was calculated by measuring the time between the intersection point of QRS with the isoelectric line and the intersection point of the T wave with the isoelectric line. QT intervals were measured for each ECG derivation. QTD was calculated by subtracting the shortest QT interval (QT minimum) from the longest QT interval (QT maximum). QT intervals were corrected using Bazett's formula, also taking heart rate into consideration. 14 The corrected QTD (QTcD) in milliseconds was calculated by subtracting the shortest corrected QT interval (QTc minimum) from the longest corrected QT interval (QTc maximum).
Echocardiography
Left ventricle cavity diameters during systole and diastole, left ventricular ejection fraction and left atrial diameters were calculated using M-mode echocardiography (Vingmed System V, General Electric Medical Systems, Horten, Norway).
Twenty-four-hour Holter monitoring
All pregnant women received 24-h Holter monitoring (Cardioscan 12.0, DMS 300-12; Reno, Nevada, USA). Holter recordings were evaluated by one cardiologist blinded to the study.
Serum oestradiol measurement
Serum E2 levels were assessed in the venous blood obtained from both groups. The blood samples of the control group were drawn in the first week after the completion of menstrual bleeding. Serum E2 levels were determined by radioimmunoassay method and the Coat-A-Count E2 kit (Diagnostic Products, Los Angeles, California, USA). The intra-assay coefficient of variation was 5.6% and the lowest limit of detection was 8 pg/ml. Laboratory technicians were blinded with respect to the study groups.
STATISTICAL ANALYSIS
Statistical analysis was performed using the SPSS ® version 11.0 (SPSS, Chicago, Illinois, USA). The mean values of both groups were compared with each other using the Mann-Whitney U-test, and P-values < 0.05 were considered to be statistically significant. Quantitative values are expressed as mean ± SD.
Results
One hundred and sixty-two healthy pregnant women and 150 healthy age-matched women (control group) were enrolled in this study. Fifty-three women were in the first trimester, 50 were in the second and 59 were in the third. Clinical and echocardiographic characteristics of the group are shown in Table 1 . There were no significant differences between the two groups in terms of age, left ventricular internal systolic diameters and left ventricular ejection fraction; however, resting heart rate, left ventricular internal diastolic diameter and left atrial diameter in pregnant women were significantly higher than in the control group (P = 0.01, P = 0.01 and P = 0.02, respectively).
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The measurements of P maximum, QTc maximum, QTc minimum and QTcD were not significantly different between the two groups; however, P minimum was shorter in the pregnant group than in the control group (P = 0.004) ( Table 2) . PWD was therefore longer in the pregnant group than in the control group (P = 0.03).
When subgroups of the pregnant group were analysed, PWD tended to increase with time (27.1 ± 3.2 ms, 29.3 ± 16.1 ms and 44.2 ± 13.2 ms for the first, second and third Values are mean ± SD. a Recordings from a surface-resting 12-lead ECG were scanned with a high-resolution scanner and transferred to a computer. Recordings were measured manually using digital callipers on a high-resolution screen. P maximum, maximum P-wave duration; P minimum, minimum P-wave duration; PWD, P-wave dispersion; QTc maximum, maximum corrected QT interval; QTc minimum, minimum corrected QT interval; QTcD, corrected QT dispersion; NS, not significant. 
trimesters, respectively). There was a statistically significant difference (P < 0.05) between the first and the third trimesters. However, there was a similar pattern for QTcD in each trimester.
Holter monitoring of the pregnant group showed rare supraventricular premature beats in 15 women and rare ventricular premature beats in 10 women. No atrial fibrillation was detected. The serum levels of E2 were significantly higher (P < 0.0005) in the pregnant group than in the control group.
Discussion
Slightly increased systolic and diastolic left ventricular dimensions, a moderate increase in the sizes of the right atrium, right ventricle and left atrium, annular dilatation of the pulmonary, tricuspid and mitral valves, and mild pericardial effusion can appear in late pregnancy. 15 These return to baseline several months after delivery. In the present study, changes in the left ventricular internal diastolic diameter and the left atrial diameter in pregnancy are consistent with the literature.
Slow non-homogeneous conduction of the atrial impulse is reflected in the prolongation of the P-wave duration and PWD. 16 PWD is an ECG marker in the prediction of atrial fibrillation in various clinical disorders. 13, 17 It is believed that an increased PWD reflects non-homogeneous and discontinuous propagation of the sinus impulse. 13, 18 Electrophysiological studies by programmed atrial stimulation have shown that intra-atrial conduction delay, fragmented atrial activity and anisotropic conduction are associated with paroxysmal atrial fibrillation and increased PWD.
Left atrial and left ventricular internal diastolic diameters were shown to increase during pregnancy probably as a result of hormonal effects, changes in volume load and other factors. Rapid atrial rates and chronic atrial stretching 19, 20 can lead to sinusnode remodelling. Physiological processes during pregnancy, such as increased heart rate and frequent atrial premature beats due to hormonal effects, increased left atrial diameter and sympathetic activation can also lead to sinus-node remodelling. It is impossible, however, to prove this hypothesis without electrophysiological studies.
Increased PWD in pregnancy is related to a shorter minimum P-wave duration. As reported in previous studies on patients with aortic stenosis, 16 mitral stenosis, 17 essential hypertension 21 and atrial septal defect, 22 increased PWD can result from increased maximum P-wave duration. In this study, however, minimum P-wave duration was found to be shorter in pregnancy. The prolonged P-wave duration is associated with prolonged and fractionated atrial electrograms, 23, 24 but this was not evident in this study. The shorter minimum P-wave duration may help to maintain the homogeneity of the atrial conduction in pregnancy.
Stumpf et al. 7 showed that E2 concentrated in the cell nuclei of the atria but not in the ventricle of the hearts of rats. Hormonal action may play a role in atrial conduction and depolarization. Increased E2 levels in pregnant women may contribute to a longer PWD. There are no data that compare PWD in men and women.
The QT interval measures the time from the beginning of the QRS complex until the end of the T wave. It estimates the duration of both ventricular depolarization and repolarization. It is believed that increased QTD reflects a regional difference in myocardial refractoriness. There is a clear relationship between QTD and the development of severe ventricular arrhythmias, as seen in long QT syndrome. 25, 26 Sex hormones are known to affect cardiac electrophysiology; 5-α-dihydrotestosterone N Ozmen, BS Cebeci, O Yiginer et al. Increased P-wave dispersion in pregnancy receptors have been found in monkey atria and ventricles 27, 28 and plasma oestrogen levels increase during pregnancy.
As a result of a clinical study on women who were 36 -40 weeks pregnant, Lechmanova et al. 29 showed that QTc values in pregnant women were longer than in healthy controls. They concluded that QTc prolongation was a result of hormonal factors, which is contrary to the findings presented here. If it were the case, severe ventricular arrhythmia would be observed during pregnancy, particularly in the third trimester. Pregnancy is a physiological process and severe supraventricular or ventricular arrhythmia is rare. In this study, no severe arrhythmia was seen in the pregnant group, either during resting ECG or 24-h Holter monitoring.
The major findings of this study are: PWD is increased in pregnancy due to the shortening of the minimum P wavelength with time and it reaches its longest length in the third trimester; pregnancy has no effect on the maximum P wavelength; QTD in pregnancy is not changed; and the increased PWD is mediated only by the shortening of minimum P-wave duration and does not lead to impairment of atrial conduction homogeneity and atrial fibrillation. Further study is needed to determine whether the increase in E2 levels, other hormonal effects and the increased volume load during pregnancy play a role in changing atrial conduction.
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